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1.0 SUMMARY 
1.1 During operation of the nuclear reactor engine, the inner reflector 
graphite cylinder is subjected to an axially varying pressure distribu-
tion. Compressive stresses of sufficient magnitude to cause instability 
and failure are possible. A series of experimental investigations were 
therefore reqxiired to substantiate the structural integrity of the 
inner reflector. 
1.2 Test data is presented describing the structural design integrity of 
the inner reflector graphite cylinder (Part No. 93oJ^6QTj.Ui',. Tests 
were designed to subject the reflector to imiform pressure differen-
tials along its outer periphery to determine the rate of gas diffusion 
(permeability rate) through the wall thickness for pressure ranges of 
0 to 100 psig and the structural integrity of the reflector at pressure 
ranges from 0 to 200 psig. The reflector was also subjected to a series 
of simulated pressure load environments of the reactors. All tests 
were conducted at ambient temperature. 
1.3 Results from these tests indicate that the design of the inner reflector 
is satisfactory for NRX-Al and NRX-A2 reactor operation. Permeability 
tests indicated that the inner reflector should be impregnated following 
the final machining operation. Uniform pressurization tests to 200 psig 
give evidence that the inner reflector will likewise perform satisfac-
torily during NRX-A3 reactor operation. However, a test to directly 
simulate the NRX-A3 pressure load environment (not possible with the 
present test rig) will be conducted at a future date. 
^Oix^RJP^WWrt. 
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2,0 INTRODUCTION 
2.1 A primary con?)onent of the NRX-A nuclear reactor is the inner reflector 
graphite cylinder, (The inner reflector is a hollow right circular 
cylinder approximately 54 in, in length with an inner diameter of 36 in, 
and an outer diameter of 39.8 in. Various grooves, slots, and holes are 
machined into the cylinder as shown in Figure 1,) The inner reflector 
functions primarily as a neutron reflector between the graphite core 
and the outer beryllium reflector. In addition to this reflector 
function, it serves as a flow barrier between core flow and reflector 
cooling flow, a thermal and pressure barrier between the core and the 
outer reflector, an absorber and transmitter for the core lateral loads 
and a retainer for the filler strips. (Reference l) 
2.2 The many functions and environments of the inner reflector cylinder, 
as well as its intricate machined shape, severely hampers accurate 
detailed design analysis, A series of experimental investigations were 
therefore required to substantiate the structural integirty of the 
reflector. 
2.3 During reactor operation, the inner reflector is subjected to an 
environment of hydrogen gas. Excessive diffusion of this gas through 
the reflector wall, could result in a congjromise of structural reac-
tor integritjj A series of permeability tests were therefore performed 
at ambient teng)eratures on sanqsles of reflector material and on the 
inner reflector in environments of nitrogen and hydrogen gases. 
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2.4 As a resxilt of the gaseous environment imposed upon the reflector during 
reactor operation, a pressure drop exists along the length of the outer 
periphery. It is possible for this pressure drop to yary from 0 psi at 
the dome end to approximately 190 psi at the nozzle end of the reactor. 
Large coi!Q)ressive stresses could result at the inner periphery of the re-
flector of stifficient magnitude to cause instability and possible failure, 
A series of buckling tests were therefor© performed on the reflector to 
determine its structural integrity. These tests consisted of ranqp pres-
surization of the inner reflector and encon?)assing simulated core support 
barrel (the core support barrel is an alumintua shell that shrinks onto 
the reflector during cold gas flow due to its high coefficient of 
thermal contraction) simulating the anticipated pressure drop in the 
NRX-Al and KRX-A3 reactors. (The pressure drop in the NRX-A2 reactor 
is similar to that obtained during NRX-Al reactor operation.) (Figxire 
2) The inner reflector was also subjected to a uniform external 
pressure of 200 psig (no simulated core support barrel used), a con-
dition which is felt to be more structurally severe than the ran?) 
pressure distribution. 
2.5 A porous flow test of the inner reflector cooling holes was performed 
to accumulate data for aiding in the evaluation of the NRX-Al pressure 
probe and the plugged core (G-3) pressure probe test results. (The 
axial cooling holes of the reflector are used as a part of the channels 
for pressure probes into the seal chambers of the NRX-Al and plugged 
core (G-3) tests.) 
3 -
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2.6 The objectives of these tests were to determine the pressure and flew 
rate in a cooling hole of the reflector dxiring uniform external pres-
surization of the reflector and the gas permeability rate of the re-
flector during internal pressurization of a cooling hole, 
2.7 Dviring the permeability and buckling tests described above, the inner 
reflector strains (at the inner periphery), deflection modes, and 
permeability rates were recorded at each pressure test level. 
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3,0 CONCLUSIOMS AND RECOMMENDATIONS 
The following conclusions can be drawn from tests performed on the inner 
reflector graphite cylinder: 
3.1.1 The design of the inner reflector is satisfactory for withstand-
ing the anticipated pressure load environments of the NRX-A2 
reactor. All testing was performed at ambient temperatxires. 
3.1.2 Initial testing of the inner reflector indicated a high gas 
diffusion rate through the wall at low pressxires. Reirapregnation 
of the inner reflector resulted in a large decrease (a factor 
of 80 at 10 psig) of the gas diffusion rate. It is therefore 
concluded that in5)i^gnation of the inner reflector shoxild be per-
formed following the final machining operation, 
3.1.3 The present test pressure vessel used for inducing pressxire 
levels to the inner reflector was not entirely satisfactory 
for simulating HRX-A3 test conditions, 
3.1.4 Althoxigh some permanent deformation (approximately 40 mils on 
the radius) of the reflector occurred dxiring uniform pressuriza-
tion to 200 psigp the result would not significantly influence 
reactor operation. Since this loading condition is felt to be 
more structurally severe than a ramp pressurization test, it 
gives evidence that the inner reflector will perform satisfac-
torily dxiring NRX-A3 reactor tests. 
vJC^^WWCT'iTWrtL 
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3.2 The following recommendations are presented for futxire testing: 
3.2.1 A pressure vessel be designed to allow subjecting the inner 
reflector to simulated NRX-A3 and NRX-A5 test conditions, 
3.2.2 To aid in designing future reactors, a test should be performed 
wherein the inaaer reflector, xinder simulated reactor conditions, 
is tested to failxire for rang) and uniform pressure loads. 
L 
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4.1 The inner reflector graphite cylinder was subjected to a series of 
permeability and buckling tests. 
4.2 The pxirpose of the reflector permeability tests was to determine the 
gross rate of nitrogen and hydrogen diffusion throxigh the wall of the 
inner reflector (Appendix B). The reflector was placed in a steel 
pressxire vessel (Figxire 21). The chamber between the vessel and the 
cylinder was pressxirized using nitrogen and hydrogen gases, (The flow 
of gas necessary to maintain the test pressxire differential across the 
barrel thickness represents the permeability rate,) The barrel per-
meability rate, strains, and deflections were monitored at each test 
pressxire level. Also, in conjunction with these permeability tests, 
a related permeability test was performed on the inner reflector 
cooling holes to aceumulate data for aiding in the evaluation of 
NRX~A1 and G-3 pressxire probe test resxilts (Appendix C). This test 
consisted of externally pressurizing the reflector using nitrogen 
and hydrogen gases (0 to 100 psig) and measxiring the pressxire and 
gas flow rate in a peripheral cooling hole. The cooling hole was 
then internally pressxirized (O to 100 psig; no external pressure) 
and the permeability rate of the barrel determined, 
4.3 The purpose of the buckling tests was to determine the structxiral 
integrity of the inner reflector when sxibjected to a ramp and uniform 
pressxire distribution. A nitrogen gas environment was used to produce 
the desired pressure profiles. The ranp pressurization test of the 
G©HrtlM!fW>fcAL 
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reflector (Appendix D) was performed by thermal shrinking the simulated 
core support barrel onto the inner reflector and then pressurizing the 
outer surface of the support barrel in steps >d.th nitrogen gas (Figure 
2). Thus, the reflector was subjected to a xiniform pressxire (shrink 
fit pressure) plus a ran?) pressiure. The xiniform pressxire buckling test 
of the inner reflector was performed in the same manner as the per-
meability tests using a nitrogen gas environment. However, the pressxire 
range for this test was 0 to 200 psig. 
5oO DATA ANALYSIS 
WANL-TME-768 
5.1 The inner reflector graphite cylinder was subjected to a series of per-
meability and buckling tests. These tests were designed to substantiate 
the operational integrity of this con?)onent dxiring the NRX-Al and NRX-A2 
reactor test series. An attempt was also made to subject the reflector 
to operating conditions anticipated dxiring NRX-A3 reactor tests, 
5.2 Permeability Tests 
5.2,1 The first tests performed on the reactor were a series of per-
meability studies using hydrogen and nitrogen gas environments. 
The results from these tests indicated flow rates of 2,32 Ib/min 
for 10 psig nitrogen gas pressxire and 1,04 Ib/min for 22 psig 
hydrogen gas pressure. These flow rates were extremely high when 
coiiq)ared with tests performed on samples of in?)regnated barrel 
material (Reference 2), Dxiring the manufacturing process the 
reflector is in?)regnated with a silica-based solution (35^ Si02 
in H2O) to minimize its porosity; then machined to its final 
configuration. The high flow rates obtained from these tests 
indicated that part of the iii?)regnating material was removed 
during the final machining process giving rise to porous areas 
in the reflector. The inner reflector was returned to the 
manufacturer to undergo a re-impregnation process so that future 
tests performed on the reflector irould yield meaningfxil results. 
_ 9 _ 
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5,2.2 After completion of the re-in?)regnation process, the reflector 
was returned to the laboratory for fxirther testing, TWo perme-
ability tests using nitrogen gas and one low pressure test 
using hydrogen gas were again performed on the graphite barrel. 
The first nitrogen gas test was terminated at 30 psig due to a 
defect in the material used for sealing the dome end of the 
reflector. After repairing the seal, a second nitrogen test 
rxin was made which had to be terminated at 40 psig due to 
excessive leakage p&st the plxigs used to prevent gas flow 
through the plxinger holes. While inspecting these plxigs, a 
longitudinal crack was discovered in the third lateral support 
seal segment groove from the dome end of the reflector. The 
crack was limited to the area of the groove running from one 
stress relief radius to the opposite stress relief radius but 
not extending into the heavy land on each side of the groove. 
(Figure 3) A stress of about 600 to 700 psi in the cracked 
area was recorded which was not of a sxifficient magnitude to 
cause the failure, A low pressure check vdth nitrogen gas 
using leak-tec as indicating agent showed some increase in gas 
leakage through the cracked area but not of a sufficient 
magnitude to indicate that the crack would extend completely 
through the barrel. Following a low pressure hjrdrogen gas 
permeability test the barrel was visually examined for an 
increase in the extent of the crack. No change was apparent. 
M. istronuclear 
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5.2.3 Even though excessive leakage occurred, in the area of the 
plunger holes during these tests, the gross permeability rate 
for the reflector, after the re-impregnation process was 
approximately an order of magnitude less than previous values 
obtained (0.25 Ib/min at 10 psig nitrogen gas pressxire and 
0,15 Ib/min for 22 psig hydrogen gas pressxire). A new plxinger 
hole gas sealing arrangement was designed before pivjceeding 
with further tests. 
5.2.4 The graphite barrel was removed from the test vessel and the 
external surface of the reflector inspected thoroughly in the 
area of the internsil crack. No evidence of cracking was visible 
on this surface. A probe inserted into the longitudinal cooling 
holes revealed an obstruction in the hole in the cracked area. 
Since it was known that dxiring the reaming operation of these 
holes following re-ia?3regnation a drill bit had broken off in 
one of the holes, it was conjectured that this obstruction was 
the broken bit. X-rays taken of the area proved this to be 
correct and also showed considerable additional delamination 
cracks in the same area, (See attached sketch made from x-ray 
plate. Figure 4.) This led to the conclusion that the crack 
occurred as a result of the breaking of the drill bit and was 
not directly attributable to the stresses induced by the pressure 
loading, Dxiring the remainder of the test series considerable 
attention was given to reflector cracking, the results of 
which will be discussed later. 
- 11 -
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Having obtained a sufficient gas sealing plug for the plxinger 
holes, the inner reflector was again tested for permeability 
using nitrogen and hydrogen gases. Two nitrogen gas tests were 
performed on the barrel. For the first test (O-lOO psig pres-
sure), the permeability rate was below the measurable capacity 
of the instrumentation. For the second test, permeability 
data was obtained for gas pressures of 0 to U+O psig (Table I), 
Results indicate a flow rate of 0,594 Ib/min at 140 psig. For 
the hydrogen gas test, reflector permeability data was obtained 
for pressures of 0 to 100 psig (Table l). Results from this 
test indicated a flow rate of 0,092 Ib/min at 100 psig, 
A graphical representation of the data obtained from the hydrogen 
and nitrogen gas reflector permeability tests is given in 
Figxire 5. Comparing this data with that obtained prior to 
re-impregnation (2,32 Ib/min at 10 psig nitrogen gas pressure 
and 1.04 Ib/min for 22 psig hydrogen gas pressxire) indicates a 
reduction of the flow rate resulting from the re-in?)regnation 
process by a factor of 80 for the nitrogen gas (at 10 psig) and 
70 for the hydrogen gas tests (at 22 psig). 
From the above series of permeability tests it can be concluded 
that the inner reflector gas flow rates can be greatly minimized 
by iii?)regnating the barrel following the final machining opera-
tion. 
WANL-TME-768 
Buckling Tests 
5.3.1 A series of pressxire buckling tests were conducted on the inner 
reflector as a pirereqxiisite reqxiirement of the NRX-Al test pro-
gram. The pxirpose of these tests were to substantiate the 
structural integrity of the inner reflector cylinder when sub-
jected to pressxire differentials anticipated during the fTlX-Al 
and NRX-A2 test series. An attempt was made to subject 
the inner reflector to pressure differentials anticipated 
during the NRX-A3 tests. A test was also performed where the 
inner reflector was subjected to a uniform external pressxire 
of 200 psig, a condition which is felt to be more structurally 
severe than the NRX-Al, NRX-A2, or NRX-A3 pressxire profiles. 
5.3.2 Prior to performing the tests simulating the NRX-Al pressxire 
profile, (anibient and splitflow conditions. Figure 2), an 
aluminum sleeve (O.O63 in. thick) simulating the reactor core 
suppoi^ barrel was shrink-fitted on the inner reflector. Ramp 
pressure simulation of NRX-Al conditions was then applied to 
the surface of the alximinxun barrel. Typical strain gage and 
LVDT deflection data plots are shown on Figxires 6, 7, 8 and 9. 
These data were recorded in the maximum pressure chamber at the 
nozzle end of the barrel and are the highest expected. 
5.3.3 Investigation of all other strain and deflection data along 
the length of the barrel showed no unusual readings. These 
values were all lower than the above because of the smaller 
pressure differential. Since the split-flow pressure require-
WANL-TME-768 
ments were applied as an addition to the ambient flow pressures, 
the first four test chambers for applying ran?) pressures from 
the dome end of the reflector xtfere identical for both tests. 
Therefore, representative maximum data points for any pressure 
can be picked off of the curves presented in Figxires 6, 7, 8 and 
9, The peripheral compressive strain readings taken next to the 
plxinger hole (Figure 9) drilled in a groove were slightly higher 
due to stress concentrations as con?)ared to the readings in the 
parent groove material (Figure 7), The deflection data was 
very uniform and did not indicate any measurable instability 
(Figure 8), 
The shrinking of the aluminxim sleeve onto the outer diameter 
of the graphite barrel induces additional stresses to the ones 
recorded dxiring testing. These stresses are calculated as 
described in Appendix A to be 686 and 871 lb/in, in the land 
and groove areas respectively. By converting the recorded 
test strains to stress using an E = 1,5 x 10 psi and adding 
the calculated shrink stress values to these, the approximate 
maximum stresses experienced by the reflector were 2650 lb/in, 
in the land and 2700 lb/in,^ in the groove respectively. The 
combined effects of the Poisson's stress and some secondary 
stress due to the con?)lex geometry near the plunger holes are 
recorded on gage 9 and 10 (Figure 9), 
It was concluded from this series of tests that the inner re-
flector graphite cylinder will meet the static structxiral 
i^ istronuclear 
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requirements of the MRX-Al or NRX-A2 test environments, 
5.3.6 An atten?)t was made to simulate the anticipated pressure profile 
imposed on the inner reflector during the NRX-A3 test series. 
However, at 150 psig the rubber seal separating the seal chamber 
at the nozzle end of the reflector and an adjacent one failed to 
function thereby causing a decrease in pressure in the nozzle 
chamber. The test was aborted at this point since simulation 
of NRX-A3 conditions were no longer possible. Strain readings 
obtained at the nozzle end of the reflector were approximately 
1300^ in,/in/ in the land. Values obtained during NRX-Al 
operating pressure simulation. Since the present test vessel 
was not capable of simulating NRX-A3 conditions, a new test 
vessel having the capacity of ran?) pressurization to 6OO psig 
and uniform pressurization to 1000 psig of the reflector is 
currently being designed. 
5.3.7 Two xiniform external pi^ssurization tests were performed on 
the inner reflector using nitrogen gas to evaluate its struc-
tural integrity. The first test was terminated at 150 psig 
due to high con?)ressive strains (3400 /<in./in.) adjacent to 
the cracked area of the reflector. Also, elliptical defor-
mation of the reflector became apparent at 130 psig idien 
when the deflection pattern (radially inward) of the re-
flector reversed. It was felt that the combined effect 
of the above could resxilt in possible failure of the re-
flector at higher pressxire levels; however, in order to 
•*'.'• 
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con5)letely substantiate the operational integrity of the re-
flector^ a test to 200 psig uniform pressiore was mandatoryo 
$.3»8 A tabulation of the data obtained from pressurizing the reflector 
to 200 psig is giren in Tables II and III,, (Strain gage data 
are average values obtained from all uniform pressxire tests 
performed ©n the reflector except where noted,) Graphical 
representations of selective pieces of data are sh<wn in Figures 
IO5 U p 12 and 13o 
5o3o9 The mspcimum strain occurring in the reflector at 200 psig was 
4121 yc^ ino/ino in the second land from the nozale end. Con-
verting this value to stress^ using Figure lk» the maxiaaun 
stress in the reflector was 3700 psi. It can be shewn by 
sinqple thick wall cylinder analysis that the theoretical maximum 
stressp neglecting stress concentrations, will occur at the 
inner periphery of the land. Stress concentrations airound the 
plunger holes (Table III) are e3q>erimentally shown to magnify 
the gross material stress in the areas considered by approxi-
mately 1,08 at the second groove from the nozzle end and 1,20 at 
the tenth groove. The difference between these two magnification 
factors probably results from the 16,900 lb axial load at the 
ends of the reflector and its deflection modes. Also, from 
Table III, a difference at approximately 3 exists between the 
strain values determined at the sides of the plimger holes and 
- 16 -
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the bottom of the holes. This difference can be explained - the 
following reasoning suggests an approximate methods of analyzing 
the stress distribution in the plunger hole area - by considering 
the case of a simple plate with a center circular hole in conQjres-
sion (Reference 2). GonQ)aring the theoretical stress at the 
bottom of the hole with the stress in the direction of loading 
a short distance from the hole, we find a factor of 3 existing. 
The placement of the strain gages in this test corresponds with 
the theoretical stress placement definitions and therefore gives 
some reasoning behind the factor of 3 occurring in the experi-
mental strain resxilts. 
5.3.10 The deflection data obtained from this test (Figure 13) again 
indicated iinsymmetrical deformation of the reflector. At 
130 psig a reversal in the direction of deflection readings 
occurred which continued to increase in magnitude throiighout 
the test. It is felt that the unsymmetrical deformation of the 
reflector resulted from the reflector being initially non-
circular and the fact that the material constants vary from 
point to point throughout the reflector. 
5.3.11 Upon reaching 200 psig pressure, a malfunction in the test 
equipment resulted in the external pressure applied to the 
reflector dropping to 0 psig. Radial deflection readings 
taken then, and coii5)ared with initial values, were found to 
WANL-TME-768 
differ by 26 to 3S mils. Since a complete dimensional history 
of the reflector was available prior to this test, another series 
of dimensional measurements were obtained and compared with pre-
vious data in order to determine if permanent deformation of the 
reflector had resiilted through testing to 200 psig. Results of 
this investigation are tabulated in Appendix E„ The results 
indicate radial differences of appi^ximately 10 to 40 mils 
depending upon circumferential position. These results there-
fore show that some permanent defonaation of the reflector 
occxirred during pressurization to 200 psig, 
5.3.12 As was stated earlier, x-ray examination of the reactor was 
performed after detecting cracking in the third lateral support 
seal segment groove from the dome end. Prior to performing the 
above series of buckling tests, x-rays were again taken of the 
cracked area (Figure 15) to determine if the ramp pressurization 
tests had r«s\ilted in fiurther cracking, Resiolts from these 
x-rays indicated that the original cracks had lengthened approxi-
mately one half in, (J) and that new cracks had occurred in the 
area adjacent to the broken drill bit. After xmiformly pres-
surizing the reflector to 200 psig, another series of x-rays 
were taken for comparison with the above. These x-rays indicated 
that no apparent additional cracking occurred during uniform 
pressurization to 200 psig. Since the reflector was under a 
state of approadjaate uniform compression during this test, these 
18 -
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results are reasonable. It should be pointed out that during 
the raxsp pressurization of the reflector, an axial bending 
moment is superimposed upon the compression loading. This 
axial moment probably resulted in the additional delamanation 
and cracking that occurred during the ramp pressure cycle, 
5.3.13 Althoxigh some permanent deformation occurred during the above 
series of buckling tests, the extent of the deformation was 
small. Cracks that had previously been observed in the re-
flector did not significantly affect the test results. It 
can therefore be concluded that the inner reflector can satis-
factorily function as designed diiring reactor operation, 
5.4 Cooling Hole Porous Flow Tests 
5.4.1 In conjunction with the permeability tests on the inner re-
flector, a test was perfonned on the cooling holes of the 
reflector to accumulate data for aiding in the evaluation 
of the NRX-Al and G-3 pressvire probe test data. The purposes 
of these tests were to determine the pressure and flow rate in 
a cooling hole during external pressurization of the reflector 
and the permeability rate of the reflector during internal 
pressurization of a cooling hole. Data obtained from these 
tests are siunmarized in Tables IV and V. Figures I6 through 
20 summarize the data graphically, 
5.4.2 At 100 psig external pressure, the gross permeability of the 
barrel was 0.427 Ib/min for nitrogen gas and 0.0995 Ib/min 
^•^ustronu clear 
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for hydrogen gas. These values coii?)are to 0,376 Ib/min for 
nitrogen gas and 0,092 Ib/min for hydrogen gas at 100 psig 
obtained during previous permeability testing of the inner 
reflector. The discrepancies in these data cam probably be 
attributed to test rig assembly and the small amount of per-
manent deformation that occxirred during the buckling tests, 
5„4o3 During external pressxirization of the barrel, data obtained 
for nitrogen and hydrogen gases respectively indicates coolant 
hole pressttres of 92 and 91,6 psig and coolant hole flow rates 
of 0,032 and 0,00140 Ib/min for a 100 psig external pressure. 
During internal pressurization of a coolant hole (no applied 
external pressure), permeability rates were obtained for the 
barrel at 100 psig of 0,002 Ib/min for nitrogen gas and 
0,000435 Ib/min for hydrogen gas. 
i^mmtimmmimmfi « • « ^As Istronuclear 
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6.0 APPENDIX A - Calculation of Stresses in Aluminum Shell and 
Graphite Inner Reflector Cylinder Due to Shrinkfit 
6.1 Sample Calculation of Stress in Reflector Groove 
Average 0. D. of aluminum shell = 39.832 in. (measured) 
Mean diameter of aluminiom shell = 39.832 - ,063 = 39.769 in. (nominal) 
Average 0. D. of graphite barrel = 39.7955 in. (measured) 
Average groove I. D. of graphite barrel = 37.2449 in. (measured) 
6.2 Stress in Aluminum Shell 
cr 
a 
^a 
= P Da = P X 
2 t 2 X 
= 315.625 P 
39.769 
.063 
6.3 stress in Graphite Barrel (at groove) 
2 2 D ^  ^  D/ 
o + X 
D D. 
•^ g^ 
^g 
(39.7955)^ + (37.2U9)^ 
(39.7955)^ - (37.2449)^ 
- 15.119 P 
/ I \ 
Atomic 
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6.4 After Shrinking: 
Inner Circumference of aluminum = outer circumference of graphite 
i \ ) ^Tr+ ? a A = (DQ) Tr+ q-g \ 1 a -g ^ E 
a g 
(39.769 - .063) + 39.769 ^ a == 39.7955 + 39.7955 <^g 
^ g 
Assume: E^ = 10 ; E = 1.5 x 10^ 
39.706 + 39.769 X 10"'' a- = 39.7955 + 26.530 x IO'^Q-
Substitute for Q- and cr" in terms of P 
1255.209 X 10~^ P + 401.107 X 10-% = .0895 
1656.316 P = .0895 X 106 
Pressure Equivalent = P = 54.035 lb/in.^ 
Stress in aliiminum she l l : 
<j- = 316.571 X 54.035 = 17,100 Ib / in .^ 
a 
S t ress in graphite ba r re l (outs ide) : 
. 2 
<r- = -15.119 X 54 .035 = -817 l b / i n . 
Stress in graphite barrel (inside): 
C-^  = - 2 J ^ _ _ p 
S 2 2 
D« - D. o 1 
2 (39.7955)^ 
(39.7955)^ - (37.2449)^ 
CTg = 16.119 X 54.035 = -871 lb/in.^ (Compression) 
By similar calculations the stress on the land at station 
4.624 = (Tg = -686 lb/in.^ (Compression) 
- 23 -
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6.5 Pressure on Graphite Barrel Due to External Pressure on Aluminum Shell: 
Aluminum Shell Graphite Barrel 
A diameter aluminiim shell = A outer diameter of graphite barrel 
(P2 - 54.035 - Pi) (39.769)' 
2 X .063 X 10'^  
(P2 - 54.035) ( R / + R^^) (39.7955) 
(Rg2 _ R_^ 'i) X 1.5 X 10^ 
(39.769) P2 54.035 (39.769)^ _ (39.769)^ Pj 
1.26 " 1.26 1.26 
-15.119 X 39.7955 
1.5 
P2 + i5ai9.f^i9.7955 ^  5,^,3, 
1255.209 P2 - 67825.648 - 1255.209 P-^  = 401.107 P2 + 21674.093 
1656.316 P2 = 1255.209 P-L + 89499.741 
^2 " '^^^ h ^ 5^*°^5 
.'.Po =.758 X 0 + 54.035 = 54.035 Ib/in.^ © P = 0 
1 
P2 =.758 X 200 + 54.035 = 205.635 lb/in.^ @ P^ = 200 lb/in.^ 
24 -
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6.5 Stress in Graphite Barrel (inner): 
(j^ = 16.119 X 54.035 = -871 Ib/in.^ '3 P^ = 0 Ib/in.^ 
(Tg = 16.119 X 205.635 = -3315 lb/in. @ P^ = 200 lb/in 
.„ 2 
Indicated strain in graphite (inner): 
^r 5Li = -871 -(-871) ^ Q ^  in./in. @ P = 0 lb/in.2 
""g 1.5 X 10"^ ^ 
-3315 - (-871) = _-L529 A in./in. @ P =200 lb/in. ^  
1.5 X 10"^ ^ 
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7.0 APPENDIX B - Procedure for Nitrogen and Hydrogen Permeability 
Tests of Inner Reflector Graphite Cylinder 
7.1 Purpose: 
7,1,1 The purpose of this test is to determine the nitrogen and 
hydrogen permeability rate of a production grade iii5)regnated 
inner reflector graphite barrel, 
7.2 Objectives: 
7.2.1 The primary objective of this test is to determine the perme-
ability rate of the inner reflector as a function of the 
pressure differentials across the thickness of the barrel. 
Permeability rate will be defined as the flow of gas necessary 
to maintain a constant pressture differential acorss the barrel 
thickness, 
7.2.2 The strain induced in the graphite baixel at different circum-
ferential and longitudinal positions around the inner periphery 
will be determined with respect to the nitrogen and hydrogen 
gas pressure, 
7.2.3 The radial deflection of the reflector will be determined with 
respect to gas pressaare, longitudinal position, and circumferen-
tial position, 
7.3 Test GowponevA 
7,3.1 The test specimen will be a production grade inner reflector 
graphite cylinder. The part number is 936J568H04P, 
7.4 Test Equipment 
7,4,1 The irm«r reflector graphite cylinder will be inserted into a 
Ms istronuolear 
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steel pressure vessel. Pressure differentials across the barrel 
will be supplied with nitrogen and hydrogen gas flowing between 
the steel vessel and the graphite barrel. Figure 22 shows the 
test pressure vessel and associated equipment for applying and 
measuring the gas pressTire. Strain gage readings were recorded 
using Baldwin-Lima Hamilton strain indicators and switching units. 
Barrel deflections were recorded using linear variable differen-
tial transformers (LVDT's) and Endevco recording equipment 
7.5 Test Sequence 
7.5.1 Install rubber plugs in all pliinger holes of the inner reflector 
cylinder, 
7.5.2 Install strain gages and LVDT's on the graphite barrel as shown 
in Figures 23. Inseirt the barrel into the steel pressure vessel 
and preload the tie down bolts to 800 micro-inches strain. Connect 
up tubing to test pressmre vessel, flowmeter, manifold, etc. as 
shown in Figure 22, 
7.5.3 Prior to the start of the test, check the pressure on each 
nitrogen and hydrogen gas supply to insure full tanks (2000 psi 
or better), 
7.5.4 Apply nitrogen gas pressure to the barrel up to 20 psi for purge 
and checkout of the system. Apply leak-tec to the interior of 
the graphite barrel and system to insure gastight conditions. 
7.5.5 Apply nitrogen gas pressure to the barrel and hold at 10, 30, 
50, 60, 70, 80, 90, and 100 psig for strain readings. Record 
XUWrlWHWIUrt 
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the flowmeter readings, flowmeter inlet pressmre, and flowmeter 
inlet temperature manually. Readings must be taken as quickly 
as possible. Pressure and deflection readings will be recorded 
continuously during testing. Also, strain gages installed 
according to Figure 23 should be continuously recorded. At 
the con?)letion of data acquisition at 100 psig, reduce the 
pressure to 60 psig and 30 psig and repeat all readings, 
7.5.6 Turn off the nitrogen gas after completing all readings at 
30 psig. Repeat item 7.5,4 of this procedure, 
7.5.7 Turn off the nitrogen gas and turn on hydrogen gas. Repeat 
item 7,5.5. 
7.5.8 Turn off hydrogen gas and turn on nitrogen gas (20 psig) for 
purging the system, 
7.5.9 Test conpleted, 
7,6 Test Parameters 
7,6,1 The inner reflector permeability tests were performed xinder 
the following conditions: 
7.6.1.1 Ambient Temperature 
7.6.1.2 Differential Pressure - 0 to 100 psig 
7.7.1.3 Nitrogen and Hydrogen Gas Environment 
n 
.!-•*. 
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S.O APPENDIX C - Procediare for Accmaulating Axial Cooling Hole 
Porous Flow Data for Inner Reflector Graphite 
Cylinder 
8.1 Purpose: 
8.1.1 The purpose of this test is to determine the pressxire level and 
gas flow rate in the cooling holes of the inner reflector barrel. 
These measurements were obtained dxiring external pressurization 
of the barrel and dxiring internal pressxirization of a cooling 
hole. 
8.2 Test Objectives: 
8.2.1 Determination of the pressxire level and gas flow rate in a re-
flector peripheral cooling hole dxiring external pressurization 
of the barrel. 
8.2.2 Determination of the permeability rate of the barrel dxiring 
internal pressxirization of a cooling hole (zero external pressxire), 
8.3 Test Component 
8.3.1 The test component will be the inner reflector graphite cylinder, 
part nximber 936J56ai04P. 
8.4 Test Eqxiipment 
8.4.1 The inner reflector barrel was inserted into a steel pressure 
vessel. External pressurization of the barrel was supplied from 
nitrogen and hydrogen gas flowing between the barrel and the test 
vessel, Figxire 22 shows the test pi^ essxire vessel and associated 
eqxiipment for applying and measxiring the gas pressxire. 
8.4.2 Internal pressxirization of the reflector cooling hole was 
- 29 
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accong^ lished using the modified test assembly shown in Figxire 24 
in conjxinction with the above. Pressure and flow rate in the 
cooling tub© were determined using a Heise pressxire gaga and 
Fisher-Porter Flowmeter (Figxire 2^)<, 
8,5 Test Sequence 
8.5.1 Prior to inserting the inner reflector into the steel pressure 
vessel, one of the cooling holes at the nozzle end of the re-
flector shoxild be plugged such that no gas flow can enter or 
leave the hoi© at this position, Accxirate measxirements must be 
obtained for the diameter of the cooling hole, the length of 
the hole from the end of the plxig section, and the length and 
diameter of tubing from the dome end to the Heise pressxire 
gage (Figure 24), 
8.5.2 After inserting the barrel into the steel vessel and sealing 
the dome end Trd.th silastic (gastight seal required), the nozzle 
end shoxild be set in silastic before attaching the alximinxim 
flange. Installation of tubing, etc, into the cooling hole 
shoxild be done according to Figxire 24, 
8.5.3 Prior to the start of testing, all tubing connections, reflector 
plxigs, and seals shoxild be checked for leakage using leak-tek, 
Pressxire levels on all gas supply bottles should be at least 
2000 psi. The tie bolts (controlling reflector axial load) 
should be prsloaded to 800^4^ in,/in, strain (approximately 
16,900 lb), 
8.5.4 The first test will consist of externally pressxirizing the 
Ms 
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inner reflector. Gas pressxire will be applied to the external 
sxirface of the barrel in steps of 0, 10, 20, 30, 40, 50, 60, 70, 
80, 90 and 100 psig. Gas flow rate, flowmeter pressxire, etc, 
(with respect to pressurizing the wxirface of the barrel), will 
be recorded at each pressxire level (Figxire 22), At each pressxire 
level the following procedure will be followed to obtain cooling 
hole pressxire and flow rate data (Figure 25). 
8.5.4.1 Shut off valves 1 and 2 and recoird the pressxire reading 
on the Heise gage, 
8.5.4.2 Shut off valve 2 and open valves 1 and 3 and record the 
Heise pressxire reading, and flowmeter reading. 
After completion of the readings at 100 psig, the external pressure 
will be reduced in steps of 10 psig and all the above readings 
repeated. Note that care shoxild be taken in order that all read-
ings are obtained when the pressxire at each level is stabilized. 
The second test will consist of internally pressurizing a cooling 
hole of the inner reflector. No external pressure will be applied 
to the sxirface of the barrel dxiring this test (Figxire 22), Valves 
1 and 3 will be closed during testing. Gas pressxire will be 
applied by opening valves 2 and 4, Pressxire will be applied 
in steps of 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 psig. 
At each pressxire level, pressxire gages 1 and 2 (Figxire 25) and 
flowmeter readings will be recorded. After obtaining readings 
at 100 psig, gas pressxire will be reduced in steps of 10 psig 
"^ iWM 
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8.6 
and all readings repeated. One again, care shoxild be taken so 
that pressure levels are stabilized prior to taking readings, 
8,5.6 The preceding tests will be performed xinder nitrogen and hydrogen 
gas environments. It shoxild be noted that when using hydrogen 
gas, the system must be pxirged with nitrogen gas at 20 psig 
pi»essure before and after each test. 
Test Parameters 
8,6,1 The reflector cooling hole tests will be performed xinder the 
following conditions: 
8.6.1.1 Ambient Temperatxire 
8.6.1.2 Gas Pressure Levels of 0 to 100 psig, 
8.6.1.3 Nitrogen and Hydrogen Gas Environments, 
nrrTHirTrn ROTA - 32 -
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9,0 APPENDIX D - Buckling Test of the Inner Reflector -
Procedure for Determining the Stmictxiral 
Integrity of the Inner Reflector 
9.1 Purposes 
9,1,1 The ©on^ jlete geometrical configuration of the iimer reflector 
severely hampers any accxirate detailed design analysis. There-
fore^ in order to substantiate the structxiral integrity of the 
reflector for NRX-Al (NRX-A2) test conditions, a series of 
©3q)erimental investigations are required, 
9.2 Test Ob.leQtivas; 
9.2.1 The structural integrity of the inner reflector xinder NRX-Al 
(NEX-A2) operating conditions will be determined, 
9.2.2 A relationship between the NEX-Al pressxire profile, reflector 
stradns and deflections will be det«rmined, 
9.2.3 the critical buckling pressxire and buckling mode, if occxirring 
within NEX-Al operating conditions, will be determined, 
9.2.4 The reflector wiU be inspected before and aftfer the test series 
t© determine any permanent deformation resxilting from the 
pressure load, 
9.3 Test Specimens 
9,3.1 The test component will be the inner reflector graphite cylinder 
(Part No, 936J568HO4P), An aluminxim barrel (,060 in, thick) 
will be used t© simulate the core support barrel in the reactor, 
9.4 Test Eqxiipment 
9,4,1 Ih© inner reflector (having the simulated aluminxim core support 
[lIFIPEHITI 
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barrel encompassing the periphery) will be placed in a steel 
pressure vessel (Figure 21), This test vessel Is eqxiipped with 
seal chambers that allowed ran^ pressxirization of the reflector 
and encompassing alximinxim barrel. Strain gages and linear 
variable displacement transducers^, mounted on the inner periphery 
of th© reflector, were recorded on a Baldinw-Lima Hamilton 
Strain indicator and Endevco continuous recording eqxiipment, 
9.5 Test Sequence 
9.5.1 The simwlated aluminum core support barrel was heated to 400°F in 
order to allow sxiffisient clearance for the alximinxim to slide 
freely over the inner reflector. Upon retxirning to room tem-
peratxire, the alximinxim barrel will shrink onto the graphite 
cylinder inducing compressive strains in the reflector. These 
strains will be monitored on the inner periphery of the re-
flector. Strain gages and linear variable displacement trans-
ducers will be installed on the inner periphery of the reflector 
as shown in Figxire 23, 
9.5.2 The inner reflector and encompassing alximinxim barrel will then 
be placed in a steel pressure vessel. Surfaces of the re-
flector mating with the steel pressxire vessel will be sealed 
with silastic to prevent any gas leakage. An axial load will 
be imparted to the reflector by tightening a series of tie 
bolts (sxiroxinding the inner periphery of the cylinder and 
interconnecting the test vessel) to 800/*fin,/in, strain. 
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9,5.3 The reflector and alximinxim barrel will be subjected to an 
environment of nitrogen gas. The gas vrLll be supplied in 
ran^ fashion along the length of the bau-rel using the apparatus 
described in Figure 26, Pressure profiles simulating NRX-Al 
and NRX-A2 operating conditions will be used (Figxire 27), 
Also, an atteispt will be made to simulate NRX-A3 fxill power 
operating conditions represented in Figure 28, The gas pressure 
to be supplied in each chamber of the test vessel is described 
in steps on these figxires. At each step, strain readings and 
deflection readings will be recorded. At completion of the 
maximxim pressxire reading for each condition, the pressure will 
be reduced in similar steps and all readings repeated until 
0 psig is reached. 
Test Parameters 
9.6 .1 Ambient Ten^eratxire 
9.6.2 Nitrogen Gas Environment 
9.6.3 Raxsp Pressxire to a Maximum of 175 ps ig . 
OS 
10.0 APPENDIX E - Dimensional History of Inner Reflector Cylinder 
Outer Dxameter of Reflector (Inches) 
WANL-TME-768 ^ W I 
Vendors 
Data 
Before Re~ 
impregnation 
Before 
Testing to 
200 psig 
After 
Tesxing to 
200 psig 
Station 6,030 
L O C A T I O N 
0° 45» 90° 135° 1 
Range 39=7^ to 39=798 
39.7955 
39.798 
39.746 
39»7975 
39.798 
39.836 
39,7985 
39,796 
39.815 
39,7950 
39o798 
39,712 
Station 28,566 | Station 48,250 
L O C A T I O N 1 L O C A T I O N 
0° 45° 90° 135° 
Range 39.793 to 39,798 
39.790 
39.794 
39.746 
39.791 
39.794 
39.834 
39,791 
39.793 
39.802 
39.791 
39.791 
39.707 
0° 45° 90° 135° 
Range 39^793 to 39,798 
39.799 
39,'^ 95 
39.741 
39.7965 
39.799 
39.8^6 
39,797 
39,800 
39,80^' 
39,796 
39.790 
39,708 
f 
Inner Diameter of Reflector (Inches) 
Vendors 
Data 
Before Ra-
impregnation 
Before 
Testing to 
200 psig 
After 
Testing to 
200 psig 
Station 6,030 
L O C A T I O N 
0° A^ .301 135' 
R«nge 37.246 to 37,253 
37.2425 
37.2465 
37.2960 
37.2475 
37.247 
37.2850 
37,2465 
37,244 
37,2760 
37.2410 
37,2445 
37.1530 
Station 28,566 
L O C A T I O N 
0° 45' 
Range 37.246 to 37o25^ 
37.2435 
37.2430 
37,2210 
37.247 
37,2445 37,246 |37.24i» 37,245 b? 
37,289 |37,195 |37,142 
t ^ 
I 
\'' WALL THICKNESS 
finches) 
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Vendors Data 
Before 
Reinpregnation 
Before Testing 
to 200 psig 
After Testing 
to 200 psig 
Reactor End 
L O C A T I O N 
0° 45° 90° 135° 
None Given 
1.839 
1,844 
1.840 
1.840 
1.840 
1.839 
1.839 
1.840 
1.840 
1.838 
1.840 
1.838 
Nozzle End 
L O C A T I O N 
0° 45° 90° 135° 
None Given 
1.838 
1.844 
1.838 
1.840 
1.840 
1.840 
1.840 
1.840 
1.S38 
1.834 
1.840 
1.839 
REFLECTOR HEIGHT 
Vendors Data 
Before 
Rein^jregnation 
Before Testing 
to 200 psig 
After Testing 
to 200 psig 
L O C A T I O N 
0° 45° 90° 135° 
53.368 (one reading given) 
53.3645 
53.3670 
53.3690 
53.363 
53.369 
53.369 
53.364 
53.369 
53.368 
53.365 
53.367 
53.367 
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Atomic 
Figure 1 
Inner Reflector Graphite Cylinder 
(Part No. 936J568HO4P) 
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REFERENCE 4 -NRX-Al 
STRAIGHT FLOW PRESSURE DROP 
AT CORE FLOW RATE OF 25 LB/SEC 
AMBIENT HYDROGEN 
SPLIT FLOW DOME FLOV/ 13 LB/SEC 
PRESSURE DROP AT CORE FLOW RATE 
OF 38 LB/SEC AMBIENT HYDROGEN 
REFERENCE 5 - NRX-A2 
^ — P R E S S U R E DROP AT 75.6% POWER 
AND 100% FLOW 
10 20 30 40 
LENGTH FROM DOME END - IN . 
RAMP SIMULATION OF NRX-Al PRESSURE PROFILE 
50 60 
597772A 
Figure 2 
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Figure 3 
Cracked Area of Inner Reflector 
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TABLE I 
PERMEABILITY TEST OF 
INNER REFLECTOR GRAPHITE BARREL 
PRESSURE 
(PSIK) 
0 
10 
20 
30 
50 
60 
70 
80 
90 
100 
no 
120 
130 
140 
NITROGEN FLOW RATE 
(Ib/inin) 
.029 
.058 
,088 
.155 
No Reading Taken 
No Reading Taken 
.283 
No Reading Taken 
.376 
.428 
,481 
.545 
.594 
HYDROGEN FLOW RATE 
(Ib/niin) 
.0075 
No Reading Taken 
.020 
,0385 
,0405 
,0615 
.070 
,083 
,092 
TABLE II 
HOER HEFI£CTOR GRAPHITE CYLINDER STRAIN AM) IIEFI£CTION DATA 
PERMEABILin AND BUCKLING TESTS 
STR 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
Sta. 
AIN r,Ar,E lOCATIOH 
6.030 -
6.030 -
6.030 -
A.624 -
4.624 -
4.624 -
28,566 
28.566 
28.566 
27.160 
27.160 
27.160 
48.250 
48,250 
48.250 
40.214 
45.438 
45.438 
45.438 
3.882 -
25.754 
25,754 
25.754 
45,433 
0° Cir, 
120° Cir, 
240° Cir. 
60° Cir. 
180° Cir. 
300° Cir, 
- 0° Cir, 
- 120° Cir, 
- 240° Cir, 
- 60° Cir, 
- 180° Cir, 
- 300° Cir. 
- 0° Cir. 
- 120° Cir, 
- 240° Cir, 
- 325° Cir, 
- 330° Cir,» 
- 330° Clr,*« 
- 335° Cir, 
0° Rad,»* 
- 0° Had.** 
- 120° Ead.*< 
- 240° Rad.*« 
- 0° Rad.»* 
IT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
"TO" 
129 
125 
122 
124 
112 
126 
120 
102 
113 
129 
123 
132 
m 
123 
142 
166 
129 
— 
128 
20 
170 
227 
218 
156 
123 
195 
273 
139 
237 
142 
220 
162 
252 
237 
237 
257 
273 
243 
.53 
.48 
.43 
.29 
.45 
30 
363 
377 
366 
432 
359 
4 U 
340 
3 U 
312 
443 
344 
366 
438 
382 
430 
428 
402 
— 
369 
— 
— 
— 
— 
— 
40 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
?0 
622 
619 
597 
664 
591 
687 
595 
549 
579 
749 
527 
606 
734 
660 
380 
713 
621 
732 
652 
1.47 
1,22 
1.24 
0.67 
1.14 
60 
779 
745 
738 
884 
744 
849 
05 
632 
771 
70 
923 
876 
863 
995 
861 
976 
815 
744 
853 
968 1089 
783 
746 
896 
852 
895 1058 
797 943 
913 1038 
865 1015 
— 
— 
761 
— 
— 
— 
— 
— 
— 
— 
80 
1017 
989 
973 
1094 
962 
1106 
960 
871 
965 
1238 
1029 
974 
1207 
1095 
1171 
1192 
999 
1297 
902 1037 
— 
— 
— 
— 
2.55 
2.13 
2.60 
.99 
1.94 
90 
1190 
1140 
1132 
1302 
m 4 
1276 
1077 
973 
1031 
1424 
1196 
1125 
1401 
1266 
1368 
1334 
1172 
— 
— 
— 
— 
— 
EXTERNAL PRESSURE - psiR 
100 
1307 
1228 
1258 
U50 
1207 
1423 
1244 
1127 
1232 
1507 
1316 
1265 
1549 
1377 
1506 
U98 
1277 
1560 
1321 
3.37 
2,80 
3.04 
1.06 
2.51 
110 
1338 
1341 
1288 
U88 
1292 
1509 
1404 
1296 
1505 
1580 
1391 
1396 
1644 
1381 
1578 
1638 
1423 
1747 
U50 
3.79 
3.16 
3.44 
l.U 
2.74 
120 
1559 
U32 
1509 
1678 
1506 
1710 
1595 
1324 
1694 
1857 
1596 
1529 
1885 
1636 
1838 
1828 
1635 
1934 
1598 
4.18 
3.52 
3.84 
1.18 
3.04 
130 
1681 
1615 
1597 
1837 
1563 
1804 
1749 
1570 
1873 
1936 
1725 
1649 
2028 
1854 
1977 
2050 
1938 
2122 
1786 
4.61 
3,87 
4,28 
-1.22 
3.31 
140 
1342 
1776 
1806 
2026 
1706 
1963 
1903 
1715 
2073 
2082 
1882 
1787 
2264 
2096 
??21 
2259 
3134 
2330 
1962 
5,07 
4.27 
4.83 
1.22 
3.57 
150 
2009 
1935 
1966 
2208 
1854 
?1?2 
2082 
1866 
2281 
2127 
2057 
1930 
2535 
2304 
2483 
2464 
3437 
2538 
2140 
5.53 
4.70 
5.45 
l.U 
3.95 
-_160_ 
?1?4 
2063 
2136 
2300 
2037 
2332 
2248 
1993 
2442 
2362 
2198 
2075 
2719 
2410 
2620 
2554 
2850 
2257 
6.23 
5.37 
6.48 
0.87 
4.52 
170 
2359 
2260 
2337 
2593 
2269 
2556 
2463 
2174 
2660 
2634 
2412 
2269 
2976 
2647 
2881 
2813 
3266 
2438 
7.0 
6,24 
7.76 
0.47 
5.40 
130 
26U 
2456 
2559 
2906 
2512 
2796 
2717 
2373 
2938 
3031 
2665 
2470 
3295 
2903 
3365 
3072 
3640 
2620 
7.86 
6.83 
190 
2869 
2613 
2740 
3299 
2775 
3027 
2952 
2501 
3216 
3674 
29I8 
2561 
3593 
3140 
3466 
3312 
3973 
2301 
8.63 
6.99 
9.22 11.13 
-,23 
6.27 
-1.38 
7.03 
200 
2979 
2613 
3164 
4121 
3214 
3169 
3089 
2557 
3573 
4066 
3404 
2701 
3930 
3298 
3899 
3312 
3952 
2740 
12.81 
7.74 
17,75 
10.15 
Units 
M in./in. 
" 
ri 
" 
11 
11 
" 
II 
II 
" 
II 
" 
II 
II 
n 
II 
n 
ti 
n 
X 10"^ In. 
X 10"^ in. 
X ia~^ in. 
X 10-2 i^^ 
X 10"2 in. 
Notes; (l) * Uniform pressurization of reflector. First buckling test run (0 to 150 paig). Cracked Area 
(2) «* Uniform pressurization of reflector. Second buckling test run (0 to 200 psig). Cracked Area 
(3) Refer to Figure 23 for station location, 
(4) Unless specified otherwise, all strain data are average values obtained during pemeabllity and buckling tests, 
(5) Deflection readings above ,100 in. are questionable due to the non-linearity of the instrumentation. 
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TABLE I I I 
INNER REFLECTOR GRAPHITE CYLINDER 
STRESS CONCENTRATIONS AROUND PLUNGER HOLES 
BUCKLING TEST 
UNIFORM 
EXTERNAL 
PRESSURE 
(psig) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
CIRCUMFERENTIAL STRAIN U<in,/in, 
Station 6,030 
GROSS MAT'L, 
240° 
0 
122 
218 
366 
597 
738 
868 
973 
1132 
1258 
1285 
1509 
1597 
1806 
1966 
2136 
2337 
2559 
2704 
3164 
PLUNGER HOIJ!; 
180° SH 
0 
_ „ _ 
___ 
— 
201 
^.— 
_ _ „ 
342 
„,—. 
435 
483 
531 
581 
633 
682 
749 
819 
888 
959 
1055 
180° BH 
0 
___ 
___ 
- — 
639 
___ 
___ 
1116 
„ _ _ _ 
1448 
1624 
1793 
1973 
2154 
2350 
2603 
2873 
3163 
3442 
3795 
Station 
GROSS MAT'L, 
240° 
0 
113 
237 
312 
579 
853 
771 
965 
1031 
1232 
1505 
1694 
1873 
2078 
2281 
2442 
2660 
2938 
3216 
3573 
) 
28,566 
PLUNGER HOLE 
180° SH 
0 
___ 
___ 
— ~ 
190 
_.— 
332 
428 
481 
530 
577 
628 
685 
750 
820 
890 
955 
1064 
180° BH 
0 
___ 
___ 
577 
— _ 
___ 
1059 
1385 
1570 
1741 
1927 
2116 
2311 
2578 
2854 
3160 
3451 
3854 
Notes: (l) Refer to Figure 23 for station location, 
(2) BH - Bottom of plunger hole, 
(3) SH - Side of plunger hole, 
(4) Circ^^mferential strain with respect to the inner 
reflector cylinder. 
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TABLE IV 
INNER EEFLEGTOR COOLANT HOLE POROUS FLOW TEST 
NITROGEN GAS ENVIRONMENT 
External Pressurization of Inner Reflector 
External 
Pressure 
(psig) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
Gross 
Flow Rate 
Ib/min 
0 
,034 
.071 
.106 
,140 
,180 
,227 
,273 
.326 
,372 
.427 
Coolsmt Hole 
Pressure 
(psig) 
0 
7.3 
17,2 
26.4 
35.5 
44.6 
54.1 
63.8 
73,2 
82.9 
92,0 
Coolant Hole 
Flow Rate 
Ib/min 
0 
.00105 
,00319 
,00511 
,00701 
.00939 
.01310 
.0170 
,0211 
.0264 
.0320 
Internal Pressurization of Coolant Hole 
Coolant Hole 
Pressure 
(psig) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
Coolant Hole 
Flow Rate 
Ib/min 
0 
,00019 
,00030 
,00050 
,00067 
,00088 
,00111 
.00123 
,00152 
,00178 
.00205 
TABLE V 
INNER REFLECTOR COOUNT HOLE POROUS FLOW TEST 
HYDROGEN GAS ENVIRONMENT 
ErtexTial Pressxirization of Inner Reflector 
External 
Pressure 
(psig) 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
Gross 
Flow Rate 
Ib/min 
,0067 
,0143 
.0242 
,0312 
,0414 
,0513 
,0618 
,0739 
,0860 
.0995 
Coolant Hole 
Pressure 
(psig) 
8,5 
16,9 
25.9 
35,0 
44,4 
53.6 
63.3 
72,7 
82,5 
91,6 
Coolant Hole 
Flow Rate 
Ib/min 
,000020 
,000086 
,00017 
,00027 
,00042 
.00064 
,00073 
,00095 
,00119 
,00140 
Internal Pressurization of Coolant Hole 
Coolant Hole 
Pressure 
(psig) 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
Coolant Hole 
Flow Rate 
Ib/min 
0 
,000030 
,000056 
,000090 
,000123 
,000160 
.000199 
,000232 
,000272 
,000353 
,000435 
